v" C-reactive protein (CRP) is a protein found in plasma at elevated concentrations during acute or chronic infections. As an aid in the differential diagnosis between brain tumor and abscess, the CRP levels were measured in 20 patients with intracranial mass lesions and the appearance of ring-like contrast enhancement on computerized tomography (CT) scans. In nine of these patients, the final diagnosis was abscess, based on either biopsy of the mass (eight patients) or the clinical course (one patient). In seven of the nine patients, there was a significant increase in CRP levels in two consecutive measurements. In particular, patients with cerebritis who were examined early in the course of the disease and who showed nonspecific CT scans exhibited extremely high levels of CRP. Two patients had no measurable CRP activity although they both had brain abscesses. In 12 patients harboring either gliomas or metastatic intracerebral tumors, CRP levels were significantly lower than those found in patients with brain abscesses but were nevertheless higher compared to those of a group of patients with benign tumors. It is concluded, therefore, that the measurement of CRP can have some value in the differential diagnosis between brain abscess and brain tumor. The measurement technique is inexpensive and is available in the clinical laboratories of most hospitals with a neurosurgical department.
D
ESPITE the enormous potential of computerized tomography (CT) in the diagnosis of intracerebral mass lesions, brain abscesses still pose a difficult differential diagnostic problem? -7 Many brain tumors can mimic the CT appearance of a brain abscess, and the institution of adequate therapy may therefore be delayed. The indium-111 (~qn)-labeled leukocyte scintigraphic technique has been used for the detection and localization of abscesses in various parts of the body, 3'9 and has also been applied to the diagnosis of brain abscesses with good results. 1' 8 However, the technique does have certain disadvantages in terms of cost, difficulty in obtaining the short half-life isotope (2.5 days), and a certain number of both false-positive and false-negative results. Since the exact location and size of the putative brain abscess is shown on the CT image, only the differential diagnosis is really necessary.
C-reactive protein (CRP) is the prototypical acutephase protein and has been recognized for over 50 years. ~ This acute-phase protein has a serum concentration of less than l0 mg/liter in healthy individuals. Increased hepatic synthesis can result in an increase to over 200 mg/liter in acute or chronic inflammatory processes. The results reported in this publication indicate that the plasma levels of CRP can be used in the differential diagnosis between brain abscesses and neoplasms.
Clinical Material and Methods
Twenty patients (Table 1) were included in this study. All demonstrated a mass lesion with ring-like contrast enhancement on CT scans, and in 11 of these patients clinical and CT findings were compatible with either neoplasm or abscess. Five additional patients with verified meningiomas (not shown in Table 1 ) were also included in this study. The majority of the patients received steroid therapy (10 to 16 mg/day) before the first CRP level was determined. Several of the patients had also been treated with various antibiotic agents for varying periods. Erythrocyte sedimentation rates (ESR's) and white blood cell (leukocyte, WBC) counts were also determined in all patients on admission to the department of neurosurgery.
Levels of CRP in blood serum were estimated by an enzyme immunoassay (EMIT) method employing r galactosidase, 4 and a semiautomatic Syva Laboratory 
Results
Two consecutive CRP serum levels were measured in all patients admitted to the department with a diagnosis of brain tumor or abscess. The 20 patients selected for this study all displayed a ring-like enhancing mass on CT scans, so the high proportion of abscess to tumor findings is due to this selection criterion. Table 2 presents the highest of the two consecutive CRP measurements in relation to the surgical findings, final diagnosis, and causative agents in the cases where bacterial growth was present. The final diagnosis was verified by histopathology in 17 patients, by the clinical course in one (Case 3), and by stereotaxic puncture in two (Cases 6 and 17).
In 11 patients the final diagnosis was brain tumor, and none of these patients had a CRP level over 12 mg/liter. The five patients with meningiomas had CRP levels of less than 8 mg/liter (data not shown). In seven patients diagnosed as harboring abscesses, the CRP level ranged between 29 and 216 mg/liter. In two patients (Cases 3 and 17) who had the diagnosis of abscess ascertained by either the clinical course or stereotaxic puncture (no growth), CRP levels of 0 were measured. * Reagents and standards and 5000 system obtained from Syva Corp., Palo Alto, California.
In one of these patients (Case 17) a stereotaxic puncture was performed and the abscess cavity was loaded with gentamicin (Garymicin, 10 mg/liter). No positive cultures were obtained from this patient. He had received antibiotics for only 1 day prior to the first CRP measurement and had not received steroids. The stereotaxic puncture was performed after 7 days of antibiotic treatment. Cases 3 and 17 were subsequently subjected to long-term antibiotic treatment, and repeat CT scans showed the gradual resolution of the lesion during a follow-up period of 3 months. Two patients (Cases 12 and 15) who had ring-like enhancement on CT and CRP levels of over 100 rag/liter were found at surgery -to have cerebritis.
In all 20 patients the ESR and WBC counts were determined. The correlation between CRP and ESR is shown in Fig. 1 /eft. As can be seen, there is a great deal of overlap between abscesses and tumors. The same tendency is shown in the correlation between CRP and the WBC count (Fig. 1 right) . Although seven of nine patients with abscesses had a WBC count of over 10 • 103 cells/cu mm, six of the 11 tumor patients had similar WBC counts.
Discussion
Microbial infection has been shown to be a potent stimulus for the production of CRP by hepatocytes in the liver. The signal for CRP production is probably the presence of interleukin-1 (IL-1), 2 which in turn is part of the immunological defense against bacterial infection. The results reported here show that a significant rise in CRP levels was observed in most cases of bacterial brain abscesses. The most pronounced rise was recorded early in the course of the disease (cerebritis) before a well-defined abscess membrane is formed. In all but two of the patients with abscess, CRP levels of over 28 rag/liter were obtained. The cause of the two falsenegative results is at present unknown, but could be antibiotic or steroid treatment, although this seems unlikely at least in one of the cases. It is also conceivable that, late in abscess formation, most of the bacteria are dead due to immunological mechanisms, and therefore the production of IL-1 and in turn CRP is reduced accordingly. In one of the false-negative patients no bacteria could be cultured, and in the other no specimen was obtained. False-negative results have also been obtained with ~ ~In-labeled leukocyte scintigraphy, 8 indicating a reduction of WBC flow into the abscess. This might indicate that some abscesses are immunologically quiet and therefore cannot be measured by immunological means.
No false-positive CRP levels were seen in our series but the number of patients was limited. Patients with either malignant or benign tumors all had relatively low CRP levels. However, since increased CRP level is a nonspecific indication of inflammatory processes, it seems reasonable to assume that tumor patients with other types of infections (such as pulmonary or urinary) could be falsely positive. Patients demonstrating pathologically high values of CRP must therefore be examined for other types of infectious diseases as well.
The determination of CRP levels is inexpensive, is convenient to carry out both for the patient and the staff, and can be performed serially to determine the effects of antibiotic treatment. Since the half-life of CRP is less than 3 days, 1~ a rapid fall is observed with successful therapy. The CRP levels also correlate much better with abscess diagnosis than either leukocytosis, elevated ESR, or fever.
